The introduction of neosalvarsan has reopened the question of intramuscular injections, .of organic arsenic preparations. This method of introduction of salvarsan into the body was abandoned because of the pain and necrosis that followed it. These undesirable sequela made it impossi.ble to repeat the injections, and because repeated intravenous injections can be easily given, the intravenous meth.od has almost entirely replaced the intramuscular.
Last year I studied the rate of absorption of arsenic following the intramuscular injection of salvarsan into rabbits; so when neosalvarsan was introduced, it seemed advisable to compare the local action and absorbability of this preparation with that of the older one. The present communication gives the results of this study.
METHODS.
Approximately 5 pet-cent. solutions or suspensions of the drug were prepal~ed. With salvarsan three forms were used :. (I) alkaline solution prepared by diss,olving the drug in water and rendering it alkaline with normal sodium hydrate; (2) neutral suspension after the method devised by Wechselmann, first rendering the watery solution alkaline with sodium hydrate and then neutralizing it with acetic acid; (3) suspension of the acid salvarsan directly in mineral oil. The neosalvarsan was dissolved directly in sterile, freshly distilled water. One cubic centimeter of the solution or suspension was injected into each muscle.
Full grown rabbits were selected for the experiments. The large erector sp.inae muscles in the lumbar region were used for the injection. A large bore needle was inserted directly into the muscle at a point one centimeter above the transverse line connecting the crests of the ilia, and one centimeter from the midline. After the needle was well in the muscte, it was pointed towards the head and advanced another centimeter; After the needlewas placed, the syrinffe was attached a:nd the solution or slxspension was injected. Pressure was then made over the site of insertion of the needle during its withdrawal to prevent leakage back along the needle track. Both erector spinae muscles were used in each rabbit. At the time of the injections duplicates .of the various preparations were put aside for determination of arsenic content. The animals were sacrificed at weekly intervals, the muscles removed, and the necrotic area and surrounding muscle analyzed for their arsenic content. The analyses were made according to the method described by Norto~ and Koch3 The muscles were finely minced, placed in Kjeldahl flasks, and twenty-five cubic centimeters of concentrated sulphuric acid were added. The mixture was. slowly heated until the muscle was completely dissolved, then the moist incineration was allowed to proceed at a higher temperature until the solution was clear. This clear solution was transferred to beaker flasks, neutralized with sodium hydrate, then made alkaline with sodium bicarbonate, and titrated' with N/2o iod,in solution, starch being used as an indicator. The arsenic was thus determined in terms of arsenious acid. With care to prevent drying and subsequent charring of the mixture, this method has been found to be quite accurate.
CHANGES IN THE MUSCLE AT THE SITE OF INJECTION.
Necrosis of the muscle .occurred uniformly after injection of both salvarsan and neosalvarsan. The gross appearance of the necrotic area was practically the same from alkaline, neutral, or acid salts of salvars'an, and in specimens removed soon after the injections consisted', of a brownish or yellowish gray, dry, structureless mass surrounded by a narrow, yellow, soft, granular zone.. The muscle adjacent to this was rather pale. The necrotic areas produced by the various injections were of the same size for six weeks, at the end .of which time they were surrounded by a firm :con~nective tissue capsule from which they could be rather easily shelled out. At the end of ten weeks the necrotic areas were about two thirds of their original size and~ were dry, leathery, surrounded by a thin, yellow zone, and enclosed in a dense, fibrous capsule. Microscopic examination of such a mass (figure I), removed two weeks after injection of an alkaline solution, showed the central portion t.o consist of swollen, structureless muscle fibres, in a frail meshwork. Toward the periphery were numerous pale staining polymorphonuclear leucocytes, and passing outward a zone o.f intense polym,orphonuclear infiltration was seen. Many of these cells had undergone fragmentation. Scattered through this zone were a few necrotic muscle fibres. Surrounding the zone of cellular infiltration was a t'hin zone of newly formed connective tissue, beyond which the muscle was normal with the exception of a few fibres which had a hyaline appearance. A necrotic area resulting from the injection of an oily suspension of the acid salt showed the same microscopic appearance as that produced by the injection of the other salts, except that the zone of newly formed connective tissue was more extensive.
After the injection of neosalvarsan, the area of muscle involved was the same size as that folio.wing the injection of salvarsan. Specimens removed soon after the injection showed a grayish yellow necrotic mass in which the muscle fibres could eas,ily be made out, but the granular, limiting zone seen in the necrotic areas following salvarsan injection was not present. At the end of four weeks the mass could be easily shelled out of a fibrous capsule, and after six weeks the necrotic material seemed to be largely absorbed, leaving a brownish Fellow leathery m~s surrounded 'by firm, fibrous tissue. Microscopic examination of these areas removed three weeks after injection (figure 2) showed the center to consist of necrotic swollen muscle fibres, surrounded by diffuse, newly formed connective tissue in which were numerous fibroblasts and plasma cells. In the vicinity of the blood vessels were aggregations of small, round ,cells and plasma cells, with numerous foreign body giant cells. Beyond this zone the muscle fibres were somewhat irregular in outline but the nuclei were normal and the cross striations could readily be distinguished.
The difference in microscopic appearance of the necrotic areas, resulting from salvarsan and neosal'carsan injections was quite striking. Following the salvarsan injection the necrosis and polymorphonuclear infiltration were most prominent, while following neosalvarsan .injections the inflammation was of a chronic type, and the area was less sharply differentiated from the surrounding tissue.
RATE OF ABSORPTION OF TI-IE ARSENIC FROM THE NECROTIC AREAS.
The rate of absorption of arsenic from the necrotic areas is represented graphically in text-figure I. Two muscles were analyzed each week and the rate of absorption was found to vary somewhat with the differer~t animals. The minimum amount remaining is represented by the heavy shading, the maximum amount by the light shading, and the average by the line. There was a slow steady absorption from all the areas for three weeks after the injection. After this period the absorption was much slower, so that after ten weeks from 5 to 20 per cent. of the arsenic injected could still be recovered from t~he muscles. The rate of absorption was most constant after the injection of neutral suspensions, a little more irregular after the injection of the alkaline solution, and most irregular after the injection of the acid suspension. This is what m;ight be expected if the rate of absorption is dependent upon the degree of injury due to the reaction of the substance injected. Neutral substances would inflict less injury than alkaline or acid salts. Microscopic examination seemed to show that the acid injections resulted in the formation of thicker fibrous capsules, wh~ich doubtless prevented rapid absorption.
At the end of ten weeks the necrotic areas were tested for salvarsan by means of the Abelin 2 reaction. The muscles were extracted with N/Io hydrochloric acid, the extract was filtered, and the Abelin test was applied to the filtrate. Only one showed a positive reaction. This was the muscle into wl~ch the alkaline solution had been injected and it contained 23 per cent. of the arsenic injected. These results indicate that the arsenic still present in the muscle at this time was in some other form than salvarsan.
The effect of concentration of salvarsan in both alkaline and and solutions upon the rate of absorption was also studied. In the muscles injected with o. 5, I, 2, and 3 per cent. solutions, between 2o and 30 per cent. of the arsenic was still present at the end of three weeks, and in the muscles injected with 4 and 5 per cen.t. solutions, about 4o per cent. of the arsenic remained. The less concentrated solutions were thus shown to be only slightly more read, ily absorbed than the more concentrated ones.
In striking contrast to the rate of 'absorption of salvarsan was that following" intramuscular injections of neosalvarsan. During the first week as much arsenic was absorbed as after six weeks of salvarsan. After the first week the small amount of arsenic remaining in the muscles was slowly absorbed, about 5 per cent. remaining at the end of six weeks. When the difference in the microscopic picture of the necrosis produced by salvarsan and neosalvarsan is recalled, one is inclined to consider that the intense necrosis produced by the former has much to do with the difficulty in absorption. The solubility of neosalvarsan combined with its neutral reaction probably explains its superiority over the old form for intramuscular injections. ~Abelin, J., Miinchen. reed. Wchnschr., 1911, lviii, lOO2. SUMMARY.
Intramuscular injection of salvarsan and neosalvarsan in rabbits always produces necrosis of the muscles. A much more intense reaction is produced by salvarsan than by neosalvarsan.
The rate of absorption of arsen, ic following intramuscular injections of salvarsan is very slow, while followin K intramuscular injections of neosalvarsan between 75 and 85 per cent. of the arsenic is absorbed during the first week. The subsequent absorption is quite slow.
EXPLANATION OF PLATE 5.
Fro. I. Section through the border of the necrotic area following the intramuscular injection of salvarsan.
Fro. 2. Section through the border of the necrotic area following the intramuscular injection of ne0salvarsan.
